The crystal structure of the (Bi 0.02 Sr 0.39 Ca 0.59 ) 10 Cu 17 O 29 spin-ladder compound was determined from single-crystal X-ray diffraction data. The precursor powder was prepared from stoichiometric amounts of SrCO 3 , CaCO 3 , CuO, and Bi 2 O 3 by calcination at 820
Introduction
Many layered multicomponent cuprates belong to the well-known family of high-temperature superconductors (see for example [1] ). There exists also another family of cuprates, the so-called spin-ladder compounds, which are described by the general formula [M 2 Cu 2 O 3 ] m [CuO 2 ] n , where M is generally Sr and/or Ca with m/n = 5/7, 7/10 or 9/13 (see for example [2] ). Their crystal structures are constructed by two different types of Cu-O layer. These layers are built of straight (ribbon-like) or zigzag (ladder-type) chains of CuO 4 squares and are intergrown via layers of M cations. Alternatively their crystal structures can be described in four-dimensional space as composite structures, incommensurate along the direction [001], with two interpenetrating sublattices, M 2 Cu 2 O 3 and CuO 2 (see for example [3] ). Superconductivity at high pressure (T c = 12 K) has been observed for a member with m/n = 7/10 [4] .
Kato et al. [5] , Szymczak et al. [6] , Shvanskaya et al. [7] grew single crystals of doped (Sr,Ca) 10 Cu 17 O 29 and determined their crystal structures in three-dimensional space (space group F 222). In the present work, the crystal structure of Bi-doped (Sr,Ca) 10 series with m = 5 and n = 7, is refined in three-and four-dimensional space and discussed. * corresponding author; e-mail: oksanaromaniv@yahoo.com
Experimental
The travelling-solvent-floating-zone (TSFZ) method was applied to grow large single crystals. The feed rods for the crystal growth were prepared using the solid-state method. Pure carbonates SrCO 3 , CaCO 3 , and oxides CuO, Bi 2 O 3 were mixed in stoichiometric amounts and ball-milled in an agate mortar with isopropanol, dried and calcined in air. Three calcination steps were carried out at increasing temperatures between 800 and 890
• C, with intermediate grinding every 12 h. Rods of cylindrical shape were pressed isostatically from powder and sintered in air at 890
• C for 12 h. Single crystal growth was performed in an image furnace with two 400 W halogen lamps as heat sources. Pre-melting was performed at 24 mm/h, in order to increase the density and homogeneity of the feed rod. TSFZ melting was performed at ≈ 0.7 mm/h, while counter-rotating both the feed and the seed rod at ≈ 10 rpm. Both the pre-melting and the crystal growth were performed under p(O 2 ) = 3 bar with oxygen flow rate of 0.5 l/h. High-quality up to 3 mm long crystals were obtained. The crystal structure of the (Bi 0.02 Sr 0.39 Ca 0.59 ) 10 Cu 17 O 29 compound was determined from single-crystal X-ray diffraction data (STOE IPDS II diffractometer, Mo K α radiation, graphite monochromator).
In three-dimensional space the reflections in the diffraction patterns shown in Fig. 1 obey the conditions of space groups F 222, F mm2 and F mmm: h+k, h+l, and k + l = 2n. Least-squares full-matrix refinements based on F were carried out using the Xtal 3.7.2 system [8]. The positions of the cations were obtained by direct methods and the positions of oxygen atoms were taken from difference Fourier maps. All the atom sites were refined in anisotropic approximation. The occupation of the mixed cation sites was constrained to give full occupation with the amount of Bi fixed according to the composition determined by energy distribution of X-ray (EDX). The microprobe analysis of the single crystal was carried out using an electron microscope LEO 438VP equipped with a Tracor Northern System, which made it possible to determine the content of metals. Experimental details of the structural refinement are listed in Table I . A structure refinement in four-dimensional space was carried out using the WinCSD-2000 program [9] . The occupation of the mixed cation site was refined as Sr/Ca ratio. The bulk materials were prepared from oxides and carbonates by solid-state reaction in air and characterized by powder X-ray diffraction. Table II ). Figure 3 shows the stacking of layers in the structure of (Bi 0.02 Sr 0.39 Ca 0.59 ) 10 Cu 17 O 29 . The structure is built as intergrowth of three different types of atomic layer along the b-axis, like the structure of the (Sr 0.57 Ca 0.43 ) 14 Cu 24 O 41 compound [10, 11] . The first type of layer, of composition CuO 2 , is constructed by CuO 4 squares linked by edges, resulting in the formation of infinite straight chains along the c-axis (Fig. 4) . In the other type of Cu-O layer, which has composition Cu 2 O 3 (Fig. 5) , CuO 4 squares share edges and corners to form infinite zigzag chains. The third type of layer, which separates CuO 2 and Cu 2 O 3 layers, contains only Bi, Sr and Ca atoms (Fig. 6 ). In the structure studied here the CuO 2 layers are situated at y = 1/4 and the Cu 2 O 3 layers at y = 0 of space group F 222. . The coordination numbers of the mixed cation sites (Bi/Sr/Ca) range from 6 to 7 and the coordination polyhedra may be derived from a tetragonal prism or antiprism by removing one or two vertices from one basal plane.
Results and discussion
Superconductivity in spin-ladder compounds appears upon applying high pressure [4] . The aim of our investigations was to create a pressure effect by substitu- Table V) . The Cu 2 O 3 layers contain Cu(1), O(2) and O(3) atoms, whereas the CuO 2 layers contain Cu(2) and O(1) atoms. The interatomic distances indicate covalent type of bonding between copper and oxygen atoms (Table VI) .
The modulation of the structure is presented in Fig. 7 as the change of the interatomic distances along the fourth coordinate A refinement on powder diffraction data of the crystal structure of the spin-ladder compound in the corresponding bulk sample ((3 + 1)-space group F 222(00γ), a = 11.349(1), b = 12.825(1), c 1 = 2.755(1), c 2 = 
